The differences between oak lepidopteran communities were studied in Slovakia in 1993 and 1994. Sampling was undertaken between April and October on 3 oak species (Quercus robur, Q. petraea, Q. rubra). Biological traits of larvae were examined in order to explain differences in seasonal guilds among oaks. Communities varied in structure and abundance. Species richness in four seasonal guilds (flush, late spring, summer and autumn feeders) had a similar pattern on each of the studied oak species. The guild of flush feeders had the richest species assemblage, followed by the late spring feeder guild and both guilds were significantly richer than the summer feeder guild and autumn feeder guild. 
JOURNAL OF FOREST SCIENCE, 55, 2009 (12): 578-590 Oaks (Quercus spp.) are represented in Slovakia (Central Europe) by eight native and one introduced species; they are distributed in the warmest part of the country from an altitude of about 100 m up to 1,000 m a.s.l. More than 250 lepidopteran species have been recorded feeding on Quercus spp. (Patočka 1980; Patočka et al. 1999) .
The life history traits of Lepidoptera in Central Europe and basic information about the species habitat preferences are relatively well known. Habitat preferences and community structure of Lepidoptera in Slovakia were studied earlier by Patočka (1980) and Patočka et al. (1962 Patočka et al. ( , 1999 and Stolina et al. (1985) , but their assessment relied mainly on direct observations and qualitative characteristics rather than on quantitative statistical analyses. Habitat preference was simplified and expressed by "forest types" (units of forest taxonomy) -areas where the ecological optima of these species were found. These studies showed habitat preferences of the most abundant defoliators: Lymantria dispar, Operophtera brumata, Erannis defoliaria, Tortrix viridana, Aleimma loeflingiana, Archips xylosteana and several others. The occurrence of outbreaks was used as an indicator of habitat preference (the outbreak is defined as an increase in abundance to an extent where feeding causes visible defoliation, usually heavier than 30-40%). The role of other species as elements in forest ecosystems, the relationships among species, and their formation into guilds on various oak species have remained speculative. Patočka (1954) divided the lepidopteran species on oaks in Slovakia into four seasonal guilds. The first was from budburst till the beginning/middle of June. It is estimated that 80-90% of the total number of caterpillar species recorded on oaks is present at that time. The caterpillars in this guild overwinter as larvae or eggs or hatch from those laid in early spring. The second guild mainly consists of leaf miners (Stigmella spp., Phyllonorycter spp. and Tischeria spp. and also some smaller free feeders like Cyclophora spp.). Some larger species from the first guild like L. dispar, Orthosia spp. or Biston stratarius often complete their development at this time. The third guild occurs in August-September. It consists partially of the second generation of the first guild for example Pandemis spp., Cyclophora spp. and Pseudoips prasinanus. Finally, the fourth guild (October-November) consists of the second flight period of leaf miners in the genera Stigmella, Tischeria and Phyllonorycter and the mostly univoltine genus Ectoedemia. Recent studies of Kulfan et al. (1997) and Kulfan and Degma (1999) showed that species diversity and evenness differed significantly between oak species and time of the year.
Our effort was focused on understanding the mechanisms that explain variance in lepidopteran communities in various seasonal guilds on different oaks. The main study goals were: (1) To investigate patterns of lepidopteran communities on three oak species across a year;
(2) To analyze the similarity of seasonal guilds at various sites represented by different oaks.
sTudy siTes And MeTHods
A dataset was collected during May to October in 1993 and 1994. Samples were taken every 20 days (nine times per season, the last sampling was excluded from statistical assessment due to the zero number of larvae in almost all samples) using a beating tray (25 beatings per sample). There were nine sample intervals each year. Sampling started on 30 April, 7-10 days after budburst, and finished on 7 October in both years. Branches at eye height, about 1 m in length, were beaten during each sampling period. Approximately 99.5% of 1,518 collected larvae were identified in situ to the species level; others were identified after rearing in a laboratory to the adult stage. Gerasimov (1952) and Patočka (1954 Patočka ( , 1980 were used as identification references. A systematic list of species includ- ing selected life history traits can be found in the Appendix (Table 1A) . The study area in Western Slovakia was between 48°25' and 48°30'N and 17°09' and 17°11'E (Fig. 1 Leaf-mining Lepidoptera were excluded from this study as only free-living species sensitive to sampling using a beating tray were collected.
In statistical analyses we summarized the number of individuals in each family to determine if there were any visual differences in the host preference. We also calculated diversity (Shannon-Weaver index) and evenness (Pielou's index) of Lepidoptera larvae on each site. Then we separated species into four seasonal guilds and tested the differences in the number of species and individuals in guilds. This was done separately for each oak to compare if the pattern was similar. To test differences, matrixes of presence/absence (species) or abundance (individuals) were constructed. The sum from two samplings entered the analysis for each guild. All species in each guild were entered into the matrix separately, where the rows were species and the columns indicated the presence/absence of species or number of individuals. Data were transformed as log (x + 1) prior to analysis. ANOVA was performed to evaluate differences among seasonal guilds. This was done separately for each tree species.
The species were divided into seasonal guilds by determining when they were most abundant. Polyvoltine species were sorted into seasonal groups based on the time when the most abundant generation was found. For example a bivoltine species was treated as a summer feeder if its individuals were found only in the summer generation during our study. Seasonal guilds were usually well defined. Only in the case of late spring feeders (LSF) there were two subgroups: (a) Flush feeders (FlF) that continued feeding in June; (b) species that started feeding in June.
The former subgroup was included in the group of late spring feeders because they feed mainly on developed and mature leaves.
The classification of the species was as follows: FlF -species present as larvae that overwintered or just hatched. These species were in synchrony with budburst and were feeding almost exclusively on new foliage from the end of April to the end of May and the beginning of June; LSF -species feeding mainly on developed and recently matured foliage (usually the end of May up to the end of June and the beginning of July); summer feeders (SF) -feeding on mature leaves at the beginning of July to the beginning of August; and autumn feeders (AF) -this group hatched in the second half of August and the beginning of September and was feeding on the toughest leaves.
resulTs
The number of species and individuals varied considerably between sites and years. Quercus rubra had the lowest number of species and individual specimens followed by Q. petraea with the richest communities being found on Q. robur (Table 1 ). The total number of larvae on Q. rubra was 23 in 1993 vs. 44 in 1994, on Q. petraea 87 in 1993 vs. 139 in 1994 and on Q. robur 216 and 372 in 1993 and 372 and 347 in 1994. On Q. rubra and Q. robur the maximum species diversity was found in spring and on Q. petraea in early spring or late spring, respectively. The evenness was quite stable at all sites.
A comparison of larval abundance classified into families showed the absence (Psychidae, Tineidae, Bucculatricidae, Gracillaridae, Ypsolophidae, Oecophoridae) or scarcity (Coleophoridae) of smaller species on Q. rubra and low numbers on Q. petraea in both years (Figs. 2a, b) . The Geometridae were the most abundant family in both years of study, followed by Lymantriidae in 1993 and Noctuidae in 1994. Only species of the families Coleophoridae, Gelechiidae, Tortricidae, Lycaenidae, Geometridae, Lymantriidae and Noctuidae were found on Q. rubra during this study. Lycaenidae, Geometridae, Notodontidae, Lymantriidae and Noctuidae represent larger Lepidoptera (pupa 10 to 30 mm in length) which are generally widely polyphagous (Patočka, Turčáni 2005) . Coleophoridae, Gelechiidae and Tortricidae represent small Lepidoptera which are much more sensitive to food quality and foliage architecture because of their size and feeding strategies. Individuals from these families were generally absent on Q. rubra (only Teleoides paripunctellus and Pandemis corylana were found in 1993). T. paripunctellus spins two leaves together and feeds on the internal epidermis + mesophyll, the external epidermis remains untouched. P. corylana spins together several leaves and is more abundant on Q. robur, which has leaves arranged in clusters. In 1994, single individuals of Coleophora ibipennella and C. lutipennella were found on Q. rubra but they were more abundant on other oak species. Several polyphagous tortricid species were also found on Q. rubra that year. Table 1A to be continued Differences among seasonal guilds in species number and abundance were quite uniform for all oaks. In 1993 the number of FlF was significantly higher than the number of species in other seasonal guilds, except for Q. petraea, where differences between FlF and LSF were not significant (Fig. 3a) . In 1994, the FlF guilds had significantly more species on all oaks (Fig. 3b) . This pattern was also similar for the number of individuals (Figs. 3c,d ). The only exception was an insignificant difference between FlF and LSF on Q. petraea in 1993 (Fig. 3c) .
discussion
Lepidopteran communities account for a high proportion of all arthropods in tropical (Lowman, Wittman 1996) and temperate forests , understanding the variables that determine the species diversity and composition should provide information of high ecological and economic importance. However, the extent to what the level of species diversity found on any particular host tree differs from random expectation remains unclear. Another unanswered question is why large differences among Lepidoptera communities are found on taxonomically closely related host species growing in the same vicinity.
The lepidopteran community structure may be influenced by many factors originating from different environmental parameters such as pressure from natural enemies to differences among individuals of the same host tree. Hunter et al. (1997) found that the budburst phenology of individual oaks was a dominant factor determining the spatial distribution of O. brumata and T. viridana. The extent to what this pattern (differences in lepidopteran communities among crowns of the same host species) is a result of the random distribution of lepidopteran individuals has been tested recently . Some information is known about the spatial effect on the species distribution in small areas (< 1 km). Lastly, lepidopteran communities vary significantly between seasons . also studied how lepidopteran communities in temperate forests are structured. They determined several important mechanisms that play a role in forming arboreal communities, e.g. seasonal variation influenced caterpillar communities most significantly; the similarity of larval assemblages is not closely related to phylogenetic relationships among host trees (they studied three tree genera). Another message from this study is that the host specificity of Lepidoptera may be less prevalent than previously thought. They also suggested that resource specialization may occur at the taxonomic level of the host genus or family (also suggested by Stork et al. 1997 ).
In our study, we focused on the genus Quercus and found quite large differences in richness and also in the species composition on oaks.
Results also showed a steady decrease in the number of species and individuals from early spring to autumn. This pattern is well known from the "Quercus type" of host tree (Niemelä, Haukioja 1982) . These authors suggested that this effect was due to a decline in available resources. Another theory was presented e.g. by Feeny (1970) , Kamata and Igarashi (1996) , who stated that tougher leaves with a higher concentration of tannin contributed to the lower richness of Lepidoptera later in the oak and beech growing season. In addition, a recent study by Forkner et al. (2004) confirmed a negative correlation between some specialist oak feeders and condensed tannins in the canopy of Q. alba and understorey of Q. velutina. Their results generally indicated a negative response from both specialists and generalists to condensed tannins. We have no information about condensed tannins from our study sites, but the number of species and individuals was significantly higher early in spring on almost all the oak species studied; only Q. petraea was excluded from this general pattern.
This different pattern on Q. petraea in some seasons may be attributable to budburst which occurred later than on Q. robur and Q. rubra and resulted in a low number of early hatching species which by comparison were abundant on Q. robur. At the Q. robur sites there was also a better food supply due to the presence of other early flushing tree species (Betula spp., Ulmus spp., Salix spp.). Polyphagous species may survive on these early flushing species and later move to Q. robur. Significant differences were found between LSF and both SF and AF at majority, but there were no significant differences between SF and AF. Both SF and AF guilds were of low abundance and species number. While oaks produce the majority of their leaves in spring, there is also some production of "May sprouts" (Lammas shoots?) or leaf regeneration after defoliation events in late May or early June. This is a source of fresh food in early summer and is used as a niche by specialized species (e.g. Minutia lunaris).
conclusions
This study documents the types of communities found on three different oak species. We found that the number of species in four seasonal guilds (flush, late spring, summer and autumn feeders) had a similar pattern on each of the studied oaks: the highest number of species was found among FlF, a significantly lower number of species among LSF and both these groups supported a significantly higher number of species than summer and autumn feeders with several exceptions. The differences between SF and AF were found not to be significant. The same pattern was also found for the number of individuals. The only exception was an insignificant difference between FlF and LSF on Q. petraea in some seasons, insignificant difference between LSF and AF on Q. robur in some seasons and permanent insignificant difference between LSF, SF and AF on Q. rubra.
